Amphotericin B (AmB) is one of the most potent antifungal agents and the drug of choice in the treatment of serious fungal infections. A liquid chromatographic (LC) method was developed to determine AmB in pharmaceutical formulations for injection, tissue culture, cream, and lotion. mBondapak C 18 reversed-phase column and a simple mobile phase consisting of acetonitrile-water-acetic acid (40 + 54 + 6, v/v) was used. The flow rate was 1.8 mL/min and the effluent was monitored at 405 nm. The developed LC method uses piroxicam as an internal standard and has a limit of detection of 10 ng/mL, a limit of quantitation of 30 ng/mL, and the assay is linear from 0.01 to 100 mg/mL. The wide use of AmB in recent years stems from the dramatic increase in fungal infections due to the lack of immunocompetence caused by chemotherapy and spread of AIDS (1). However, the clinical use of AmB is hampered by the considerable treatment-associated toxicity of the drug, the most serious being nephrotoxicity (2). To reduce the toxicity and to improve the therapeutic index, several lipid-based drug delivery systems such as liposomes, phospholipid, and cholesterol complexes have been developed for AmB (3, 4).
A mphotericin B (AmB) is a polyenic antibiotic isolated from actinomycete Streptomyces nodosus. The antifungal activity of AmB consists in binding of AmB to ergosterol present in cell membranes of fungal cells. This binding results in selective destruction of fungal cell membranes and killing of fungal cells. After more than 30 years of clinical use, AmB remains the drug of choice for the treatment of serious systemic fungal infections (1) . The wide use of AmB in recent years stems from the dramatic increase in fungal infections due to the lack of immunocompetence caused by chemotherapy and spread of AIDS (1) . However, the clinical use of AmB is hampered by the considerable treatment-associated toxicity of the drug, the most serious being nephrotoxicity (2) . To reduce the toxicity and to improve the therapeutic index, several lipid-based drug delivery systems such as liposomes, phospholipid, and cholesterol complexes have been developed for AmB (3, 4) .
One of the major requirements for AmB premarketing certification is passing the microbial agar diffusion assay (5, 6) , which determines the total activity (potency) of AmB by measuring the inhibitory effect of AmB on a sensitive organism, Saccharomyces cerevisiae. However, the microbial assay of AmB has limitations inherent to an assay based on measuring the activity rather than the quantity of the analyzed compound: it lacks the specificity and positive identification of AmB.
Numerous liquid chromatographic (LC) methods have been developed for the analysis of AmB in biological matrixes such as plasma, serum, urine, respiratory secretions, different tissues, etc. (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) . LC on reversed-phase column for AmB quantitation has been used by Margosis and Aszalos (8) . However, no internal standard was used to improve the precision in this study. Lambros et al. (15) used natamycin as an internal standard and 2 different UV wavelengths, 383 and 303 nm, for detection of AmB and the internal standard, respectively. Lacroix et al. (13) introduced photodiode array detection of AmB, which eliminated the requirement for 2 detectors configured at 2 different wavelengths. Piroxicam was used as an internal standard by Echevarria et al. (16) . The absorbancy wavelength of piroxicam is similar to that of AmB and, therefore, both compounds can be detected at 405 nm. The mobile phases used in the reported methods were mixtures of acetonitrile with aqueous buffers.
The analysis of formulated AmB by LC has not been reported. The purpose of this study was to develop a rapid and simple LC method for the determination of AmB in bulk and finished pharmaceutical products (AmB for injection, tissue culture, and lotion), including lipid-based formulations (AmB cream). This LC assay represents a rapid and accurate alternative to the time-consuming official United States Pharmacopeia (USP) microbial assay method (5).
Experimental

Apparatus
(a) LC system.-Shimadzu SCL-10A system controller, LC-10AS pump, SPD-10 AV UV-visible detector, and SIL-10A auto-injector. E-Z Chrom software was used for data acquisition. The LC column was Waters m BondapakÔ C 18 reversed-phase column, 300´3.9 mm id, 10 m m packing particle size. Mobile phase was acetonitrile-water-acetic acid (40 + 54 + 6, v/v). The sample was injected in 40 m L, the mobile phase was delivered at 1.8 mL/min, and the detector was set at 405 nm. Isocratic elution was used throughout and the time of analysis was typically 16 min.
( 
Preparation of Standard Solutions
Low-actinic glassware was used for preparation of the standard and sample solutions. Ten milligrams AmB USP RS was predried as dictated by the USP monograph, accurately weighed, and delivered into a 10 mL volumetric flask. Dimethyl sulfoxide-methanol (1 + 1, v/v) was added up to mark, yielding AmB standard stock solution at 1.0 mg/mL. The standard stock solution was further diluted with mobile phase to 10, 50, 100, 250, and 500 ng/mL and 1, 10, 20, 40, 60, and 100 m g/mL for a limit of detection (LOD) and limit of quantitation (LOQ) study.
The internal standard stock solution of piroxicam in acetonitrile was made at a concentration of 1.0 mg/mL, as described above for AmB. Standard stock solutions of AmB and piroxicam were mixed and diluted with mobile phase, as needed.
Sample Preparation
(a) Unformulated AmB.-AmB purchased from Sigma was used as a bulk sample (unformulated AmB), and predried as the USP standard. Fifty milligrams of the bulk sample were accurately weighed, dissolved in 10.0 mL of DMSO in a 50 mL volumetric flask, and 10.0 mL methanol was added. Subsequently, water was added to the mark, yielding 1.0 mg/mL AmB solution, designated as bulk stock solution. AmB bulk stock solution (3.0 mL) and 10.0 mL piroxicam stock solution were transferred into a 100 mL volumetric flask and the flask was filled with mobile phase to the mark, yielding a solution containing AmB at 30 m g/mL and piroxicam at 100 m g/mL.
(b) AmB for injection.-The injection formulation of AmB is declared to contain 50 mg AmB in the glass bottle. The content of the bottle was transferred to a 25 mL volumetric flask and DMSO was added to the mark, yielding a concentration of 2.0 mg/mL. A 0.5 mL volume of this solution was transferred into a 100 mL volumetric flask, 0.5 mL methanol was added, and the solution was mixed. Subsequently, 5.0 mL of the piroxicam standard stock solution was added and the flask was filled to the mark with the mobile phase. The resulting working solution had an AmB concentration of 10 m g/mL and a piroxicam concentration of 50 m g/mL.
(c) AmB for tissue culture.-Tissue culture formulation of AmB is declared to have 50 mg AmB in a glass bottle. The content of the bottle was transferred to a 25 mL volumetric flask and DMSO was added to the mark, yielding a concentration of 2.0 mg/mL. A volume of 10.0 mL of the 2.0 mg/mL solution was transferred into a 20 mL volumetric flask and methanol was added to the mark, yielding a solution of AmB with a concentration of 1.0 mg/mL. Subsequently, 6.0 mL of this solution and 10.0 mL of the internal standard stock solution were transferred to a 100 mL volumetric flask, mixed, and the mobile phase was added to the mark, yielding an AmB concentration of 60 m g/mL and a piroxicam concentration of 100 m g/mL.
(d) AmB cream.-One-half gram AmB cream (equivalent to 15 mg AmB, as declared) was transferred to a 100 mL volumetric flask and water was added to the mark. The mixture was shaken until the solution was completely homogeneous (typically 30 min), yielding an aqueous solution with an AmB concentration of 150 m g/mL. To remove lipid substances, 20 mL of this solution were extracted twice with 20 mL petroleum ether. One-half milliliter of this "lipid-free" aqueous solution (corresponding to 75 m g AmB) was diluted with water to 10.0 mL and the entire volume was loaded onto a C18 Sep Pak cartridge. The cartridge was activated with 1 mL methanol and washed twice with 20 mL water before the sample was loaded. After the sample was loaded, the cartridge was washed with 5 mL acetonitrile and AmB was subsequently eluted with three 3.0 mL portions of 5% acetic acid in DMSO. The 3 eluates were combined. One milliliter internal standard solution (0.1 mg/mL piroxicam) was added to the combined solution prior to LC analysis.
(e) AmB lotion.-One-half milliliter lotion (equivalent to 15 mg AmB, as declared) was transferred to a 100 mL volumet- ric flask and water was added to the mark, yielding an aqueous solution with an AmB concentration of 150 m g/mL. To remove lipid substances, 20 mL of this solution were extracted twice with 20 mL petroleum ether. One milliliter of this "lipid-free" solution (corresponding to 150 m g AmB) was diluted with water to make a 10.0 mL solution and the entire 10 mL of the resulting solution was loaded onto a C18 Sep Pak cartridge. The cartridge was activated with 1 mL methanol and washed twice with 20 mL water before the sample was loaded. After the sample was loaded, the cartridge was washed with 5 mL acetonitrile and AmB was subsequently eluted with 2.0 mL 5% acetic acid in DMSO. The eluate was mixed with 0.3 mL internal standard stock solution (1.0 mg/mL piroxicam) and 0.7 mL DMSO. The resulting solution was analyzed by LC.
Microbial Assay
The microbial assay was performed with S. cerevisiae ATCC No. 9763 (American Type Culture Collection, Rockville, MD), as described previously (5) . Briefly, the standard stock solution was diluted with DMSO into 5 working solutions (solutions A-E) at 12.8, 16, 20, 25, and 31.2 m g/mL. Prior to testing, individual working solutions were further diluted 20-fold with Buffer 10 of USP 81 to yield testing standard solutions (5) . A sample solution equivalent to 20 m g/mL AmB was prepared in DMSO, diluted to 1 m g/mL with Buffer 10, and tested as "unknown," as described in the USP method. Each testing standard solution (except testing standard solution C) or "unknown" was tested with a set of 3 inoculated plates. Each plate had 6 impressed wells made by cylinders-3 odd number wells for the individual testing standard solution or "unknown," and 3 even number wells for testing standard solution C (1 m g/mL, the median concentration of the testing standard solutions). After the application of individual testing standard solutions or "unknown" samples, plates were incubated for 16 to 18 h and the results of inhibition of microbial growth were measured, calculated, and compared (19) .
Results and Discussion
Several mobile phases of different compositions were reported for the quantitation of AmB in biological samples: acetonitrile-10mM acetate buffer at pH 4.0 (37 + 63, v/v; 14), acetonitrile-10mM acetate buffer at pH 7.0 (40 + 60, v/v; 7), acetonitrile-acetic acid (10%)-water (41 + 43 + 16, v/v; 15), 2.5mM Na 2 EDTA-acetonitrile (70 + 30, v/v; 14, 17), or methanol-acetonitrile-2.5mM EDTA (50 + 35 + 15, v/v; 10). To achieve optimum separation between AmB and the internal standard, piroxicam, and to eliminate interferences from degradation products of AmB and, possibly, other components of the finished pharmaceutical preparations, we optimized the composition of the mobile phase. The amount of acetonitrile, water, and acetic acid in the mobile phase was systematically altered and the effect on retention time and separation of AmB and piroxicam was determined. An increase of acetonitrile from 40 to 50% shortened the retention times of both AmB and piroxicam; however, it caused interference with AmB and/or piroxicam degradation products. When the amount of acetonitrile was lowered to less than 40%, the retention time of AmB was significantly increased. When the amount of acetic acid was increased to more than 6% of the mobile phase, the stability of AmB decreased dramatically. On the other hand, acetic acid reduced to less than 6% of the mobile phase resulted in a broadened and asymmetrical peak for AmB. In addition to m Bondapak column (300´3.9 mm id, C18, 10 m m particle size), we also tested Ultrabase (2504 .6 mm id, C18, 5 m m particle size), Ultrasphere (1504 .6 mm id, C18, 5 m m particle size), and Perkin-Elmer (a cartridge column of 30´4.6 mm id, C18, 3 m m particle size) columns. The retention time of AmB on Ultrabase or Ultrasphere columns was significantly longer than on a m Bondapak column. This was obviously caused by the small packing particle size (5 m m) of these 2 columns as compared with the m Bondapak column's 10 m m particle size. On the other hand, the Perkin-Elmer column had a shorter retention time due to the shorter column length; however, this column did not provide acceptable resolution between AmB, piroxicam, and degradation products of AmB and/or piroxicam.
The isocratic elution (1.8 mL/min) of m Bondapak C18 column (300´4.6 mm) with mobile phase consisting of acetonitrile-water-acetic acid (40 + 54 + 6, v/v) was found to be appropriate for the analysis of AmB. The injection volume was 40 m L and the detector was set at 405 nm. A representative liquid chromatogram is presented in Figure 1 . This LC method has an LOD of 10 ng/mL (3:1, signal-to-noise) and an LOQ of 30 ng/mL (10:1, signal-to-noise). The calibration curve for this method was linear from 0.01 to 100 m g/mL (the equation of calibration curve is y = 63.6688x -38.1129, where y is the area of AmB peak and x is the concentration of AmB in m g/mL; correlation coefficient R 2 = 0.999148). AmB and the internal standard, piroxicam, had retention times of 12.4 and 4.0 min, respectively (Figure 1) . The resolution between piroxicam and AmB was 10.6.
We used the developed LC method to determine the stability of AmB in stock and working solutions. Standard stock so- (18, 20) .
The chromatograms of AmB analysis of Sigma's AmB preparation (used here as "bulk"; Figure 2A ), and AmB formulations for injection, tissue culture, cream, and lotion (Figures 2B-E) show good resolution between piroxicam and AmB. The chromatogram of cream formulation displays a large unidentified peak that elutes before piroxicam ( Figure  2D ). This peak probably corresponds to one of the inert ingredients of AmB cream formulation that is not eliminated during the cream sample cleanup process. However, this compound peak does not interfere with AmB analysis of cream formulation. The results of LC and microbial assays of AmB in bulk and formulated preparations of AmB are shown in Table 1 . The USP RS standard AmB was used as a reference sample. The Sigma AmB displayed purities of 94.1 and 91.0% of AmB in comparison with the USP RS standard as determined by LC and microbial assay, respectively. The difference between the results of LC and microbial assays of the lotion formulation (Table 1) can be attributed to the fact that other components in the lotion may contribute to the inhibition of microbial growth and affect the results. However, according to USP, the AmB acceptable content range in the lotion formulation should not be less than 90.0% and not more than 125.0% of the labeled amount of AmB. Obviously, both the LC and microbial assays yielded results within the acceptable range.
Chromatograms of AmB formulations for tissue culture and cream ( Figures 2C and D) displayed several peaks eluting after the internal standard, piroxicam. These peaks probably represent some excipients of formulations and are expected to be present in the chromatograms. Because the LC and microbial assays of the tissue culture and cream preparations correlated very closely (Table 1) , we believe that these peaks have no effect on AmB quantitation by LC.
A simple and rapid LC method was developed for determination of AmB in bulk and formulated pharmaceuticals. In comparison with the official USP microbial assay for AmB, this LC method is more selective, sensitive, and offers positive identification.
